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ABSTRACT

This study examines the effects of severe head injury in
children on whole body energy expenditure and the mediators
that influence this. One hundred five serial measurements of
whole body energy expenditure and plasma adrenaline, triiodo-
thyronine, glucagon, cortisol, insulin, and growth hormone con-
centrations were made in 18 children aged 2-15 y receiving
neurointensive care for severe head injury. Energy expenditure
was measured using indirect calorimetry by a modified Douglas
bag technique, and hormones were measured by RIA or radioen-
zymatic assay. Energy expenditure varied markedly between and
within children (mean 97% of predicted, range 60—-137%) and
was significantly lower in the four children with a poor outcome
(p = 0.03). Within each child there were statistically significant
positive relationships between energy expenditure and adrenaline

Head injury is the most important cause of mortality and
long-term morbidity in children over 1 y of age in the Western
world, accounting for 25% of all deaths between the ages of 5
and 15 y (1). However, little is known of the effects of severe
head injury on whole body energy expenditure and the medi-
ators that determine this. Both elevated and depressed levels of
energy expenditure may be disadvantageous to the critically
injured child. Elevated metabolic rates increase nutritional
demands, which, being difficult to meet, result in tissue wasting
and an increased susceptibility to infection (2). Of equal im-
portance, depressed metabolic rates are associated with a poor
prognosis in critically ill adults (3). A greater understanding of
the metabolic changes occurring in critically injured children
could give rise to therapeutic interventions to aid management
and improve outcome. The aims of the current study, therefore,
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(p < 0.0001), triiodothyronine (p < 0.0001), and glucagon (p <
0.0001). However, there was evidence that the effect of adrena-
line on energy expenditure was attenuated. This may be due to
the effects of the cerebral trauma itself on central nervous
influences on energy expenditure, to interactions between hor-
mones, or to a global impairment of O, utilization by the body’s
tissues. (Pediatr Res 37: 409417, 1995)

Abbreviations
ISS, injury severity score
GCS, Glasgow coma score
Fio,, proportion of O, in inspiratory gas
T3, triiodothyronine

were to measurc serially whole body energy expenditure in
children after severe head injury and to investigate the rela-
tionship between energy expenditure and possible hormonal
mediators.

METHODS

Subjects. The study was performed in 18 children who had
sustained a severe head injury and were receiving neurointen-
sive care. The mean age was 8.2 y with a range of 2-15 y.
Sixteen children had isolated head injuries, and two children
had other associated injuries. Associated injuries were defined
as injuries severe enough to warrant hospital admission in their
own right, which is approximately equivalent to an ISS of =9
(4). In all cases the hcad injury was the most serious injury
sustained. The criterion for admission to the study was a GCS
equal to or less than 8 (5). In children aged less than 4 vy, the
adaptation of the GCS described by James and Trauner (6) was
used. The mean GCS was 6 (range 3—8). Neurologic outcome
in all the children was scored between 6 and 12 mo after injury
using an adaptation of the scales used by Berger er al. (7) in
their study of head-injured children and Tasker et al. (8) in
their study of pediatric nontraumatic coma. For the purpose of
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analysis, the children were divided into two groups, namely,
those in whom outcome was good or moderate and those who
died or survived with severe disabilities (9). Further clinical
details of the children are given in Table 1. Ethical approval for
the study was granted by the Joint Ethics Committee of New-
castle Health Authority and University of Newcastle upon
Tyne, and informed written consent was obtained from the
parents.

Management. The clinical care of the children remained the
responsibility of the admitting neurosurgical and anesthetic
tcams. All children were intubated and received elective inter-
mittent positive pressure ventilation with mild hyperventila-
tion, Fio, 0.3-0.35, with the arterial Pco, being maintained
between 3.5 and 4.5 kPa.

The children were sedated with continuous i.v. infusions of
fentanyl (mean 3.3, range 0.6—-8.4 ug-kg”'*h™"); 15 children
received a simultaneous infusion of midazolam (mean 110,
range 33-310 pg-kg™'-h™"). All children received muscle
relaxants, either pancuronium or vecuronium. Seven children
were given dopamine (mean 0.46, range 0.06-0.80
mg-kg™"-h ™.

Intravenous crystalloid fluids were administered at mainte-
nance requirements or with mild fluid restriction (75% of
requirements). Nasogastric feeds of a nutritionally complete
formula were commenced 24—-48 h after the injury and in-
creased as tolerated.

Rectal temperature was monitored using a rectal probe
(Mon-a-Therm model 6510, Mallinckrodt, Chesterfield, UK)
accurate to =0.1°C. All children had a urinary drainage cath-
eter and peripheral arterial catheter inserted.

Serial measurements. Serial measurements of whole body
metabolic rate together with arterial plasma concentrations of
adrenaline, T3, cortisol, glucagon, insulin, and hGH were made
in each child as soon as possible after admission to the
intensive care unit and repeated cvery 6-24 h until the child
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was no longer receiving neurointensive care. All measurements
were made during periods of clinical stability.

Measurement of whole body energy expenditure. Whole
body metabolic rate was measured using indirect calorimetry
by a modified Douglas bag technique. All children were ven-
tilated with a Servo 900C ventilator with warmed humidified
gases. The inspiratory gases were delivered from a two-block
rotameter to ensure thorough mixing of the gases. Samples of
the inspiratory and all the expiratory gases were collected into
5-and 100-L mctalized gas bags (Signal Instrument Company,
Camberley, Surrey, UK), respectively, over an accurately
timed period of 10-20 min depending on the minute volume of
the child. The bags were then sealed until analysis. One liter of
cach of the expiratory and inspiratory gases was taken for
analysis of O, and CO, concentrations.

Inspiratory and expiratory O, concentrations were measured
using a paramagnetic O, analyzer (Servomex 540A, Servomex,
Crowborough, Sussex, UK) modified to analyze discrete
100-mL gas samples and to give a digital readout. Evaluation
of the analyzer showed it to have measurement repeatability of
+0.02% and lincarity of 20.1% O, over a 0-100% range.

Expiratory CO, concentrations were measured using an
infrared CO, analyzer (Servomex PA404, Servomex). Evalu-
ation of the analyzer showed it to have measurement repeat-
ability of +0.03% and linearity of =0.14% CO, over a 0-5%
range.

The O, and CO, analyzers were calibrated immediately
before use using N, as zero and a gravimetrically determined
calibration gas, 40.01% 0,/2.00% CO,/balance N,, as span
gas. Each 100-mL sample of either expiratory or inspiratory
gas was dried before analysis by passing it through anhydrous
calcium chloride. Gas samples were analyzed in triplicate to
ascertain stable results.

The volume of the remaining expired gas was measured
using a dry gas meter, DTM-200-4 (International Gas Appa-

Table 1. Clinical details of the 18 head-injured children

Duration of No. of Time of Ist
Age (y) Sex GCS Drugs* study (h) measurements measure (h) Outcome
3.4 F 3% F 1.7-6.7, M 200-270 79 7 9 Poor
8.8 M 3 F 2.3, M 45-180 103 9 10 Good
15.6 F 3 F 0.9, M 40-75 25 3 20 Moderate
4.0 M 4 F12 9 2 7 Died
10.2 F 4 F 2.6-4.3, M 35-100 107 10 15 Died
14.0 M 4 F25-38 178 11 10 Good
6.4 M 6 F 1.1-6.6, M 130-310 79 8 9 Moderate
6.4 F O% F20-4.0, M 80 55 6 11 Good
12.0 M 6 F 0.6-1.9, M 50-75 103 9 9 Modcrate
8.6 M 7 F 3.3-5.0, M 33-100 41 5 10 Died§
9.0 M 7 F 4.9, M 165-230 5 2 14 Good
11.4 M 7 F 1.6, M 65-95 85 7 11 Good
11.5 M 7 F4.4-58, M 85-115 &3 8 12 Moderate
2.4 F 8 F6.4, M 170 18 3 36 Good
2.5 M 8 F2.1-84, M 85-105 61 5 14 Moderate
3.5 M 8 F22 49 3 25 Good
8.6 M 8 F 2.0, M 40 25 3 26 Good
9.9 M 8 F 2.5-5.0, M 50-100 28 4 12 Good

*F = fentanyl (ug-kg™"-h™"), M = midazolam (ugkg™"-h™").
T Time of Ist measurement = time after injury of first measurement.
1 Associated injuries.

§ Child died 5 wk after injury from a subarachnoid hemorrhage after a good ncurologic recovery.
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ratus Ltd., Camberley, Surrey, UK). Evaluation of the dry gas
meter and gas bag system gave a gas volume recovery of
99-102%, over a volume range of 50-90 L of gas. Room
temperature and barometric pressure were recorded and the
saturated expired gas volume was converted to standard tem-
perature and pressure, dry conditions.

Seven children were intubated with cuffed endotracheal
tubes and 11 children with uncuffed endotracheal tubes. Pos-
sible leakages of expired gases around uncuffed endotracheal
tubes may lead to errors in estimation of expired gas volume.
The potential crror was assessed by measuring the CO, con-
centration in the child’s oropharynx and comparing it with the
ambient CO, concentration. The limit of detection for a dif-
ference in CO, compared with ambient was 0.07%. The
method has been compared with the quantitative method of
Knauth and Baumgart (10), and no difference in the ability to
detect significant air leaks has been found (11). In only 14 of
the 105 total measurements was there evidence of a leakage of
expired gas. Inasmuch as any leakage has been shown to be
small (about 2.5%) (10), the 14 observations were not excluded
from subsequent analysis, although they were distinguished to
allow identification (see Fig. 2).

Twenty-four-hour urine collections were made, and the total
volume of urine was measured. Aliquots of 5 mL were stored
at —40°C for later determination of total N content by the
Kjeldahl method (12) using an automated Kjeltac 1026 distil-
later (Perstorp Analytical Ltd., Basinstoke, UK) with back
titration into standard boric acid.

Calculations. Whole body metabolic rate was calculated
using the following equations:

(1 — Feo, — Feco,)
1 - FiOz

Vo, = VE[ X Fio, — Feo,

(using Haldane transformation)
Vco, = VE X Feco,

EE = 16.501 Vo, + 4.631 Vco, — 9.09 N (kJ-min ") (13)

where Vo, = O, consumption in L-min~', VE = expired
volume in L-min~ ' at standard temperature and pressure, dry
conditions, Feo, = proportion of O, in mixed expiratory
gas, Feco, = proportion of CO, in mixed expiratory gas, Vco,
= CO, production in L-min~', EE = energy expenditure in
kI-min~ ' and N = N excretion in g-min .

Validation of method for the measurement of whole body
metabolic rate. The complete indirect calorimetry system was
evaluated using N, and CO, dilution techniques as described
by Westenskow et al. (14). O, consumption was simulated by
infusing a gravimetrically determined quantity of N, to dilute
the expired O, content, and CO, production was simulated by
infusing a gravimetrically determined quantity of CO,. A total
of 55 experiments were performed. The range of tidal volumes
(3.5-9.0 L), ventilator rates (15-20 min™"), Fio, (0.3-0.6), and
simulated O, consumption and CO, production (75-250 mL
min ') were chosen to simulatc the likely clinical conditions
encountered. At an Fio, of 0.3, the mean O, consumption
recovery was 99.9% (SD = 2%) and the mean CO,, production
recovery was 99.4% (SD = 2%).
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The repeatability of measurements of whole body metabolic
ratc was assessed in three children, two gas collections being
performed sequentially in each child. The percentages of rel-
ative errors for whole body metabolic ratc were 0.5, 0.4, and
2%.

Units of measurement for energy expenditure. To enable
comparisons to be made between children with head injury and
normal resting children, cnergy expenditure was expressed as a
percentage of the basal metabolic rate predicted on the basis of
age, sex, and weight of normal children (15). The reference
range for normal resting children is 85-115% of predicted
whole body metabolic rate, with 95% of measurements from
normal children lying within this range. Body weight was
determined in each child by sitting balance scales (Weylux
model 824/890, Morduc Bros., Newcastle upon Tyne, UK)
after discontinuing neurointensive care.

Energy expenditure was also expressed in terms of kilo-
grams of fat-free mass. This enabled the relationship between
hormone concentrations and the energy cxpenditure of the
metabolically active tissues of the body to be explored. Fat-free
mass was calculated from the child’s bioelectrical impedance,
measured using a Holtain Body Composition Analyser (Hol-
tain Ltd., Crosswell, Dyfed, UK) and the child’s height and
age. Fat-free mass was calculated from the equations of
Schaefer er al. (16).

Measurement of plasma hormone concentrations. A 2-mL
blood sample was taken from the indwelling peripheral arterial
catheter at the end of each gas collection. Blood for plasma
glucagon assay was collected into a tube containing aprotinin,
and the remaining sample was collected into a heparinized
tube. Sample tubes were stored on ice during collection, and
plasma for hormone assays was immediately separated and
stored at —80°C. Plasma T3, insulin, cortisol, and glucagon
concentrations were determined by RIA (17). hGH concentra-
tions were determined using a radioimmunometric assay. A
double isotope radioenzymatic method was used for the assay
of plasma adrenaline concentrations (18).

Statistical analysis. Adrenaline, insulin, and hGH had
skewed distributions and were logged before analysis.

The data set is a mixture of cross-sectional and longitudinal
data. To examine the between-child and within-child relation-
ships between different variables, the data were analyzed using
multilevel models (19) fitted using the ML3 program (20). This
methodology is related to multiple regression and produces
similar regression coefficients and standard errors, but allows
cach child to contribute different numbers of observations.
Results are available for within- and between-child analyses,
due to centering of explanatory variables, and these will be
discussed scparately.

For graphical presentation, the within-child relationships
between energy expenditure and hormonal concentrations were
displayed by calculating the mcan for each variable for each
child and expressing every observation in terms of the residual
from that child’s mean. By taking the residuals, the between-
child variation was removed, and the longitudinal component
of the data could be displayed.
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RESULTS

One hundred five serial measurements of energy expenditure
and hormonal concentrations were performed in the 18 chil-
dren. The median number of measurements per child was six
(range two to 11). The median duration of each study was 58
h (range 5-178 h). In 11 children (61%) the first measurement
was performed within 12 h after injury. The median time
between injury and the first measurement in all 18 children was
11.7 h (range 7-36 h). Fat-free mass was measured in 15
children. The equipment was unavailable for this measurement
in three children. Twelve children received enteral nutrition in
41 of the total 105 measurements providing a mean of 61% of
their measured energy expenditure (range 27-106%). When
comparing the energy expenditure of fed (n = 41) versus unfed
(n = 64) observations, the mean energy expenditure of the fed
children was 98.7% of predicted, and the mean energy expen-
diture of the unfed children was 96% of predicted (unpaired ¢
test p = 0.29, 95% confidence interval for difference —7.4,
2.2). Thus, there was no evidence of an effect of enteral feeding
on energy expenditure. Further details of the results are given
in Table 1.

Whole body energy expenditure after severe head injury.
Figure 1 shows whole body energy expenditure against time
after the head injury, energy expenditure being expressed as a
percentage of the predicted. Energy expenditure was within the
reference range (85-115% of predicted) for 86 measurements
(82%), elevated for four measurements (4%) from four chil-
dren, and below the reference range for 15 measurements
(14%) from five children. Sixty-six percent of the depressed
values came from the only two children who died acutely.

There was no evidence of a relationship between percentage
predicted energy expenditure on admission and GCS (p =
0.216, r = —0.306).
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Figare 1. Time after injury vs percentage predicted basal metabolic rate
(BMR). Each line represents the serial measurements obtained from each child.
The solid lines represent the children with a good outcome and the dashed lines
the children with a poor outcome. The closed circles show observations with
possible leakage of expired gas around the endotracheal tube. The shaded area
in each graph represents the reference range for normal resting children.
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Mean percentage predicted energy expenditure was signifi-
cantly lower in the four children who had a poor outcome
(84.1% of predicted) than in the 14 children with a moderate or
good outcome (97.8% of predicted) (randomization test, p =
0.03).

Hormonal response after severe head injury and relation-
ship with GCS. The profiles of each hormone over the first 120
h after injury together with reference ranges for normal resting
adults or children (T3 and hGH) are shown in Figure 2 (21, 22).
The correlations of initial hormone concentrations with GCS
are given in Table 2.

When compared with reference values for normal resting
adults or children, adrenaline and glucagon were elevated,
cortisol was mildly elevated initially, and T3 levels were
depressed. Both insulin and hGH were highly variable after
head injury. :

Initial levels of log adrenaline, glucagon, and log insulin
showed a significant negative correlation with GCS, indicating
that the most severely injured children had the highest adren-
aline, glucagon, and insulin levels.

There were no statistically significant differences in plasma
hormone concentrations between children with a poor outcome
and children with a moderate or good outcome.

In conclusion, the children were not hypermetabolic after
head injury despite elevated concentrations of adrenaline and
glucagon. Therefore, the relationships between energy expen-
diture and hormonal concentrations were examined to deter-
mine which hormones had significant effects on energy expen-
diture. The within-child relationships and between-child
relationships are discussed separately.

Within-child relationship between energy expenditure and
possible hormonal mediators. The within-child relationships
between energy expenditure expressed per kg of fat-free mass
and its possible mediators are shown in Figure 3. Using
multilevel modeling, statistically significant positive relation-
ships were found between energy expenditure and log adren-
aline (p = 0.0001), T3 (p < 0.0001), glucagon (p < 0.0001),
and cortisol (p = 0.03). Energy expenditure was not signifi-
cantly related with log insulin or log hGH concentrations (p =
0.27, p = 0.57, respectively). Further details of the results of
the statistical analysis are shown in Table 3.

In normal subjects, energy expenditure increascs with tem-
perature. In the study there was a statistically significant pos-
itive relationship between energy expenditure (per kg of fat-
free mass) and temperature (p < 0.0001) within each child
(Fig. 4). Therefore, temperature was included as a covariate in
the multilevel model to allow for its effect on the relationship
between energy expenditure and each hormone. Log adrena-

Table 2. Relationship of initial hormone concentrations with GCS

Hormone Correlation coefficicnt p value
Log adrenalinc —0.613 <0.01
T3 —0.382 0.13
Glucagon —0.564 0.02
Cortisol 0.022 0.94
Log insulin —0.530 0.04
Log hGH —0.205 0.42
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Figure 2. Time after injury vs plasma hormone concentrations. Shown are time after injury vs adrenaline (A), T3 (B), glucagon (C), cortisol (D), insulin (E),
and hGH (F). The shaded areas in B and F represent the reference ranges for normal resting children (aged 6-10 y in B). The shaded areas in the remaining
graphs represent the reference ranges for normal resting adults. Adrenaline, insulin, and hGH are shown on log scales.

line, T3, and glucagon still had significant positive effects on
energy expenditure (p = 0.004, p = 0.0001, and p < 0.0001,
respectively), but there was no evidence for an effect of cortisol
(p = 0.16).

Interhormonal interactions may have effects on energy ex-
penditure. Thus, catecholamines influence the release, metab-
olism, and response to T3, whereas T3 may influence the
peripheral response to catecholamines. To ascertain whether
the hormones found to have significant positive relationships
with energy expenditure were independent of each other, log

adrenaline, T3, and glucagon were included as covariates in a
multilevel model with energy expenditure. Log adrenaline and
T3 were found to have independent statistically significant
positive relationships with energy expenditure within each
child (p 0.001, p 0.003, respectively). The positive
relationship of glucagon with energy expenditure was not
statistically significant (p = 0.06).

Between-child relationship between energy expenditure
and possible hormonal mediators. Details of the analysis of
the between-child relationships of energy expenditure (per kg
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Figure 3. Within-child relationships between plasma hormone concentrations and energy expenditure. Each graph shows the residuals (Res) from the mean for
both energy expenditure [per kg of fat-free mass (FFM)] and hormone concentrations. A, Log,, adrenaline; B, T3; C, glucagon; D, cortisol; E, fog,, insulin; and
F, log,y hGH. The circles represent observations made on children with a good outcome and the rriangles the observations on children with a poor outcome.

of fat-free mass) and possible mediators using multilevel mod-

els are shown in

Table 3.

Although energy expenditure had a significant negative re-

lationship with 1

og adrcnaline (p = 0.02) when comparing

between children, this was abolished after allowing for the

effect of age (p = 0.34) on the relationship. Surprisingly, there
was no cvidence for a significant positive relationship between
energy expenditurc and log adrenaline.

There was a significant positive relationship between energy
expenditure and log hGH (p = 0.001) but this was abolished
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Table 3. Details of analysis by multilevel modeling

Hormone Reg. coeff.* SE p value
Within-child relationships for cnergy expenditure
(per kg of fat-free mass) and hormone concentrations
Log adrenaline 0.71 0.19 0.0001
T3 0.84 0.18 <0.0001
Glucagon 0.04 0.009 <0.0001
Cortisol 0.0008 0.0003 0.03
Log insulin 0.28 0.25 0.27
Log hGH 0.13 0.23 0.57
Between-child relationships of energy expenditure
(per kg of fat-free mass) and hormone concentrations
Log adrenaline -25 1.1 0.02
T3 —0.96 2.0 0.63
Glucagon =0.10 0.06 0.10
Cortisol —0.004 0.003 0.20
Log insulin —0.75 1.5 0.62
Log hGH 4.9 14 0.001
* Reg. coeff = regression coefficient.
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Figure 4. Within-child relationship between core temperature and energy
expenditure. The graph shows the residuals (Res) from the mean for both
energy expenditure [per kg of fat-frec mass (FFM)] and rectal tcmperature.

when allowing for the effect of age (p = 0.78). There was no
evidence of a relationship between energy expenditure and
glucagon (p = 0.10), T3 (p = 0.63), cortisol (p = 0.20), or log
insulin concentrations (p = 0.62).

DISCUSSION

To the best of our knowledge, this is the first study to
describe serial measurements of energy expenditure and pos-
sible hormonal mediators in children with critical head injuries.
Of particular interest, adrenaline was shown to have a stimu-
latory effect on energy expenditure and was found to be
significantly elevated in these injured children. It is a paradox,
therefore, that the children were not hypermetabolic.
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Although studies of critically injured adults without a head
injury and critically ill postoperative ventilated adults show
energy expenditure to be highly variable, the mean energy
expenditure lies within the reference range (23, 24). However,
in adults with a severe head injury, most studies show an
increase in energy expenditure that varies up to 160% of
predicted (25), suggesting that adults mount a marked hyper-
metabolic response to head injury. Although there arc few
studies of energy expenditure after trauma in children, the
results imply a similar hypermetabolic response to head injury
(26). However, these studies include unparalyzed and unse-
dated patients (25, 26). The increase in energy expenditure
observed may simply be the result of the high incidence of
muscle spasm and hypertonicity that is likely to occur in
patients with head injuries but not in patients with extracranial
injuries.

The measured metabolic rate in the present series of patients
was not elevated compared with predicted values. All the
patients were scdated and paralyzed. This finding would sup-
port the conclusion that the previous findings of a hypermecta-
bolic state may simply reflect differences in management.

However, there is an inherent problem in assessing whether
patients receiving intensive care are hyper- or hypometabolic,
and this relates to the choice of a suitable comparative “nor-
mal” group. The reference range used in this study was derived
from children in a resting, spontaneously breathing state. The
effects of neurointensive care, including intermittent positive-
pressure ventilation, muscle relaxants, and sedative drugs, tend
to reduce the energy demands of the body (27, 28). However,
a marked hypermetabolic response is unlikely to be masked by
these effects.

The brain is involved in mediating the stress response to
injury and, thus, patients with head injuries might be predicted
to have a pattern of response that is substantially different from
that of patients with extracranial injury alone. The relationship
between energy expenditure and possible hormonal mediators
has therefore been considered in detail in this group of chil-
dren.

The plasma concentration of glucagon was elevated in all
children in the first 40 h after injury. There was a ncgative
relationship between glucagon and GCS, indicating that the
most severely injured children had the highest glucagon con-
centrations. To the best of our knowledge, this relationship has
not been described before.

The finding of a significant positive relationship between
energy expenditure and glucagon within each child was ini-
tially surprising. Glucagon is a catabolic hormone that has its
major effects on the liver resulting in an increasc in hepatic
metabolic rate (29). Because the liver accounts for about 30%
of total energy expenditure in children (30), an increase in
hepatic metabolic rate may influence ovcrall metabolic rate.
One report of a glucagon infusion in one normal adult showed
a 14% increase in whole body O, consumption (31).

Over 85% of values of T3 were below the reference range
for normal children. One possible explanation is a direct
inhibitory effect of cerebral trauma on the hypothalamic-
pituitary region reducing thyroid-relcasing hormone and TSH
output. Another possibility is that these lowered T3 concentra-



416

tions represent the cuthyroid sick syndrome that compriscs
normal TSH, normal or low thyroxine, and low T3. This has
been documented previously in critically ill children (32). It
was once felt that the euthyroid sick syndrome was a physio-
logic adaptive mechanism limiting hypermetabolism, but this
seems an unlikely explanation for a condition whose scverity
has bcen shown to have a close association with a poor
outcome (33).

There was a significant positive relationship between T3 and
energy expenditure within each child that persisted after allow-
ing for the effects of temperature and hormonal interactions.
This was a surprising finding because, although the positive
influence of T3 on energy expenditurc is well documented, its
major effect is a long-term one mediated via nuclear receptors
(34). However, there is evidence for a rapid onset, short-lived
cffect of T3 on energy expenditure (35), which may explain the
acute relationship found between T3 and energy expenditure.

For all children, 82% of plasma adrenaline concentrations
were elevated, some to more than 50 times the upper reference
limit. However, 96% of measurements of encrgy expenditure
fell within or below the reference range for normal children.
There was a negative relationship between plasma adrenaline
concentration and GCS, indicating that the children with the
highest plasma adrenaline concentrations were the most se-
verely injured children, and yet the children with poor out-
comes had significantly lower cnergy expenditures than chil-
dren with good or moderate outcomes. The only two children
who died acutely had the lowest encrgy expenditures and very
clevated catecholamine levels. Although, as may be antici-
pated, therc was a positive association between adrenaline
concentration and encrgy expenditure within each child, there
was no evidence of a positive relationship when comparing
between children. These results indicate that although adrena-
line is a hormonal mediator of energy expenditurc its effect
may bc decreased in critically head-injured children.

There are several possible mechanisms that may explain this
finding. Desensitization of stimulatory 8,- or Bs-adrenergic
receptors may result in a reduced response to catecholamines
possibly mediated by the effects of decreased circulating levels
of T3 (36, 37). Alternatively, the activation of inhibitory c,
receptors may reduce the overall responsc of the cell to the
stimulatory 3 effects (38). Another possible mechanism for the
decreased response to adrenaline is that the tissues arc unable
to respond to positive stimuli owing to impaired utilization of
O,. This has been described globally in septic shock (39).

There is further support for a modified cffect of adrenaline
on energy cxpenditure after critical head injury. A well-
controlled study by Hadfield et al. (40) of 13 ventilated,
paralyzed adults with severe head injury showed that mean
energy expenditure fell within the normal range, and plasma
adrenaline concentrations were clevated compared with both
healthy controls and extracranially injured adults, indicating
that head injury per se may lead to an attenuation of the
response of whole body encrgy expenditure to adrenaline.

Further studies aiming to clucidate the mechanisms under-
lying the modified responsc to hormonal mediators are neces-
sary. This is not an esoteric discussion, inasmuch as it has been
demonstrated in the present rcport and in studies by other
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authors that depressed levels of energy expenditurc are asso-
ciated with a poor prognosis (3). The elucidation of thc mech-
anisms underlying the relationship between cnergy expenditure
and its hormonal mediators would give greater understanding
of the whole body response to hecad injury in children and
potentially highlight therapeutic interventions to aid manage-
ment and improve outcome.
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